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vr

(< 0.3 Hz   l> 5 km)

(>0.5 Hz  l <2 km)

(non-radiative)

(l ~ 100 m)
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�<�H�W �N�L�Q�H�P�D�W�L�F

�L�Q�Y�H�U�V�L�R�Q�V���D�U�H���R�I�W�H�Q

�Y�H�U�\ �Q�R�Q���X�Q�L�T�X�H��



%����������� ������
� ��
�������
��� �����&� ��������

w-2

22 /1
1

)(
cww

w
+

=W

rc

b
w 34.2=

r



3
0

3

3
0

3

2 fMfM
E

C
O

a
o

r
r

b
s

bm
==

������
����
�� 
���

������ ���
�'�$�())*

�)�U�R�P �W�K�H�V�H �V�S�H�F�W�U�D

�Z�H �F�D�Q �F�R�P�S�X�W�H

�W�K�H���G�D�P�S�L�Q�J �F�R�H�I�I�L�F�L�H�Q�W



�7�K�H���X�V�X�D�O �Y�L�H�Z �R�I���W�K�L�V �Y�D�U�L�D�W�L�R�Q
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Global Energy Balance

�6 � ���������I�D�X�O�W���V�X�U�I�D�F�H

�( �U � ���������U�D�G�L�D�W�H�G���H�Q�H�U�J�\

D�: �F � �������D�Y�D�L�O�����V�W�U�D�L�Q���H�Q�H�U�J�\��

�* �F � �������V�X�U�I�D�F�H���H�Q�H�U�J�\

L Er = DWc - Gc S

DWc



�)�U�D�F�W�X�U�H���H�Q�H�U�J�\ �J�U�R�Z�V �Z�L�W�K �H�D�U�W�K�T�X�D�N�H �V�L�]�H

�,�W���L�V �Q�R�W���D���P�D�W�H�U�L�D�O �S�U�R�S�H�U�W�\

�7�K�L�V���P�X�V�W���E�H �L�Q�F�O�X�G�H�G �L�Q���H�D�U�W�K�T�X�D�N�H �P�R�G�H�O�V

�G�H�V�L�J�Q�H�G �W�R���S�U�H�G�L�F�W �V�H�L�V�P�L�F�L�W�\
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Starts from
Initial patch

Longitudinal  
stopping phase

Transverse  
stopping phase

Stopping phase (S wave)

Slip rate Slip Stress change 
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P st.phase Rayleigh

S

Slip rate Slip
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Radiation is controlled by wave propagation inside the fault!

�5�X�S�W�X�U�H���I�U�R�Q�W���J�U�R�Z�V
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�:�R�U�N �G�R�Q�H �L�Q���F�R�O�O�D�E�R�U�D�W�L�R�Q���Z�L�W�K

�6�D�U�D���'�L�&�D�U�O�L ���(�1�6���3�D�U�L�V��

�&�D�U�R�O�L�Q�H���+�R�O�G�H�Q���)�U�D�Q�©�R�L�V�����1�H�Z���=�H�D�O�D�Q�G��

�D�Q�G���6�R�S�K�L�H���3�H�\�U�D�W ���,�3�*���3�D�U�L�V��



No surface rupture observation
Mw 6.6~6.8 
Pure left-lateral strike slip event

Tottori accelerograms 
have absolute time

Hypocentre determined 
directly from raw records
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compute stress change  from slip history. 
(Bouchon, Ide and Takeo, etc. )
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Example from Dalguer et al (2002)�

Classical approach:

convert kinematic model into a 
dynamic model
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Inversion followed the grid pattern of
classical kinematic inversions.

Used 32 patches of initial stress

Rupture resistance was uniform,

Two problems :

How to handle discontinuous stress 
patches

And how to stop rupture?
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:

Data: 8 3-component displacement records integrated from KiK-net and K-net
stations
filtered with causal Buttersworth filter between 0.1 and 0.5 Hz 

1 2

shallow

depth

KiK-net 
stations

2 subevents
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Traditional approach is to use a discontinuous grid.    

Suggestion:  
Let us look only at low frequencies using Moments of slip distribution:



We use a Gaussian slip distribution

This slip distribution has 8 parameters:

(xo , y0)   centroid
(a, b, f )  semiaxes and angle
D0 maximum slip
vr rupture speed
t rise time of STF 
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See also Bukchin et al, McGuire and Jordan, Vallée and Bouchon

Vr

a

b
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Kinematic inversion  with 2 ellipses 

Objective function:

�
� -

= 2

2
2 )(

obs

calcobs
c

� 2 norm

M0 
= 1.19 1019 Nm       Mw=6.7 

Peak slip ~ 3 m 



Comparison of observed and kinematically
modelled records

Misfit c2 = 0.29

It is as good as  many
more detailed models. 
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Convergence of the NA algorithm

L2
 N

or
m

14 parameters

0.29

90.2

c2 = 0.29

iteration

30000 iterations

�0�L�V�I�L�Wc2 � ����������
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Barrier slip

stress

Gc

Dc

Tu �V�K�H�D�U �V�W�U�H�V�V

�3�U�R�E�O�H�P�����U�D�G�L�D�W�L�R�Q���G�R�H�V �Q�R�W

�N�Q�R�Z���D�E�R�X�W���D�E�V�R�O�X�W�H �V�W�U�H�V�V���Y�D�O�X�H
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�$�V�S�H�U�L�W�\�����Y�D�U�L�D�E�O�H���L�Q�L�W�L�D�O���V�W�U�H�V�V�����K�R�P�R�J�H�Q�R�X�V �U�X�S�W�X�U�H��

�U�H�V�L�V�W�D�Q�F�H ���.�D�Q�D�P�R�U�L�����6�W�H�Z�D�U�W�����5�X�I�I�����/�D�\�����¹��

�%�D�U�U�L�H�U�������L�Q�L�W�L�D�O���V�W�U�H�V�V���L�V �K�R�P�R�J�H�Q�R�X�V�����U�X�S�W�X�U�H���U�H�V�L�V�W�D�Q�F�H
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Numerical simulation  by staggered grid Finite Differences

Dynamic modeling 

Cube  80×80×80 points,
Dx = 400 m
Dt = 0.02 s

Friction law:  slip weakening

Thin boundary conditions (no split nodes)�

32 km

32

32

Free Surface

Fault

Paraxial BC. on other faces

Propagation with Axitra (spectral method)

�����P�Q���S�H�U���P�R�G�H�O



���
��� �����������
�%��������
�����
��

Distribution of barrier: blue breakable
red unbreakable
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Dc = 0.5 m

Peak stress

blue=15 MPa
red = 150 MPa
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Fixed = 12 MPa



Rupture time

slip distribution

Maximum slip : ~ 2.5 m

�'�\�Q�D�P�L�F�L�Q�Y�H�U�V�L�R�Q���R�I���7�R�W�W�R�U�L���H�D�U�W�K�T�X�D�N�H

32 
km

32 km

3

0

Stress drop

32 km

32 
km

20

stress drop: ~ 10 MPa
Rupture time

60

MPa
m

32 km

32 
km

8

0
s

�'�X�U�D�W�L�R�Q �a�������V�0�R� ���������������������� �1�P

�0�Z� ������



iteration

c2

Convergence of dynamic inversion algorithm

c2  = 0.29

Only 12 parameters were inverted

�1�R���S�U�R�S�D�J�D�W�L�R�Q

�8�W�W�H�U�O�\ �Z�U�R�Q�J �P�R�G�H�O�V
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Misfit c2 = 0.29

Kinematic was 0.29
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3.5 m/s

�W�L�P�H

�5�D�W�H �V�O�L�S �6�W�U�H�V�V���F�K�D�Q�J�H

�7�R�W�W�R�U�L���H�D�U�W�K�T�X�D�N�H



a

Gc: choosen so that

rupture ocurs and is subshear
( iff 1<k<1.2)

Initial patch radius R

Barrier

1»=
c

u
asp D

RT
m

k

c

e

G
bT

m
k

2

=

Stress drop fault size
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From kinematics

b



Inverted model  that
Rupture the free surface 

Misfit

c2 = 0.295
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Conclusions 

Like Brune’s model, inversion is dominated by stopping phases

Dynamic parameters (stress and Gc) are connected by k.

Dynamic inversion is dominated by geometry

We need more power to study a posteriori PDFs

�'�\�Q�D�P�L�F �L�Q�Y�H�U�V�L�R�Q���L�V �S�R�V�V�L�E�O�H

Dynamic inversion is non-unique


